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Summary

Expression of a dominant negative fragment of the spectrin detergent resistant and ATP sensitive manner and (3) Syne-
family member Syne-1 causes an accumulation of 1 localization is blocked by expression of KIF3B tail. Also,
binucleate cells, suggesting a role for this protein in membrane vesicles containing syntaxin associate with the
cytokinesis. An association of this fragment with the C- spindle midbody with identical properties. We conclude
terminal tail domain of the kinesin Il subunit KIF3B was  that Syne-1 and KIF3B function together in cytokinesis by
identified by yeast two-hybrid and co-precipitation assays, facilitating the accumulation of membrane vesicles at the
suggesting that the role of Syne-1 in cytokinesis involves an spindle midbody.

interaction with kinesin Il. In support of this we found that

(1) expression of KIF3B tail domain also gives rise to

multinucleate cells, (2) both Syne-1 and KIF3B localize to Key words: Kinesin, Cytokinesis, Mitosis, Golgi, Spectrin, Vesicle
the central spindle and midbody during cytokinesis in a transport.

Introduction mitosis, many others are present throughout the cell cycle and
Synaptic nuclear envelope protein-1 (Syne-1) is an unusualBgerve alternative roles during mitosis and interphase. For
large spectrin family member that is expressed in severgxample, microtubules facilitate vesicle transport and organelle
alternatively spliced forms in a range of tissues (Apel et aldistribution during interphase (Kreis, 1990), whereas during
2000; Gough et al., 2003; Mislow et al., 2002; Zhang et almitosis microtubules, rearranged to form the mitotic spindle,
2001). Initially identified as a binding protein for the serve alternate roles (Mitchison, 1988). During early stages of
acetylcholine receptor in skeletal muscle (Apel et al., 2000)nitosis the spindle facilitates the segregation of chromosomes
isoforms of Syne-1 have been found to localize to the nuclegNasmyth, 2002) and organelles (Thyberg and Moskalewski,
envelope and several investigators have found evidence th898), and it is well documented that the positioning of the
Syne-1 functions at the inner nuclear membrane (Mislownitotic spindle determines the orientation of the cleavage
et al., 2002; Zhang et al., 2002; Zhang et al., 2001). Afurrow (Rappaport, 1986). The structural integrity of the
alternative function for Syne-1 is suggested by the observatigpindle is also essential for completion of the last stage of cell
that functional perturbations of a related protein indivision: cytokinesis (Wheatley and Wang, 1996). In dividing
Caenorhabditis elegans ANC-1, gives rise to nuclear animal cells, the antiparallel overlapping polar microtubules
positioning defects (Starr and Han, 2002), indicating tha@f the mitotic spindle form a discrete domain called spindle
Syne-1 might function at the outer surface of the nucleamid-zone or central spindle (Severson and Bowerman,
envelope and facilitate specialized nuclear movements ari2002). Following metaphase, numerous proteins essential for
localization. More recently, we have found evidence for Golgtytokinesis, including kinesin-like motors, associate with this
localization of Syne-1 (Gough et al., 2003). Two distinct Golgidomain (Hirose et al., 2001; Adams et al., 1998; Cooke et al.,
binding sites on Syne-1 have been identified and987; Matuliene and Kuriyama, 2002). Later, at cytokinesis,
overexpression of one of these sites causes alterations in tigs structure is compacted to form the midbody matrix.
structure of the Golgi complex (Gough et al., 2003). In lightMutations in proteins that localize to the central spindle and
of this latter observation, we have proposed that one of th@idbody resultin an improper assembly of the midbody matrix
functions of Syne-1 is to facilitate the close association ofind the failure of cytokinesis, giving rise to binucleate cells
Golgi and nuclear envelope observed in skeletal muscle cel(Matuliene and Kuriyama, 2002).
(Gough et al.,, 2003). Thus, Syne-1 appears to be a There is also evidence that the cellular machinery that
multifunctional protein with potential roles in inner nuclearfacilitates vesicular trafficking in interphase cells also plays an
envelope function, cytoplasmic nuclear positioning and thémportant role during mitosis (for a review, see O'Halloran,
maintenance of Golgi structure. 2000). For instance, the completion of cytokinesis requires an
Mitotic cell division requires the coordinated action of aincrease of cell membrane surface area at the cleavage site
large number of cellular proteins and cell biological processe¢Danilchik et al., 1998). This addition of membrane during
While many proteins involved in the regulation of mitotic cytokinesis probably involves proteins that function in
events are specialized proteins that are synthesized only duriagsicular transport from Golgi to plasma membrane, such as
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the t-snare syntaxin (Jantsch-Plunger and Glotzer, 1999) aivdast two-hybrid assay

the exocyst complex (Wang et al., 2002). Further, as with plarthe Gal4-based Matchmaketwo-hybrid system Il from Clontech
cell cytokinesis, the later stages of cytokinesis in animal cell&lontech, Palo Alto, CA) was used for the yeast two-hybrid assays.
might require microtubule-dependent transport of vesicle®lasmid vectors pGBKT7 and pACT2 encoding the Gal4-binding

along spindle-microtubules to the cleavage site (Skop et adomain (Gal4-BD) and Gal4-activing domain (Gal4-AD),
2001). respectively, were used to express hybrid proteins. A library screening

Here we provide evidence that Syne-1 acquires a specializ Y yeast mating was performed to seek proteins that interact with

: - . . yne-1. The bait was the fragment GSSF1 cloned into the Gal4-BD
rol_e durlng_ cell division. We show t.hat Syne-1 Iocallzes_ to th ector pGBKT7 and transformed into the yeast strain AH109 (AT
spindle mid-zone and is essential for the completion o

. . . ; . _~(see below for details), whereas the screened library was constructed
cytokinesis. We also show that Syne-1 binds the kinesin Kom human kidney cDNA inserted into Gal4-AD vector pACT7 and
subunit KIF3B and that spindle association of Syne-1 ocCurgansformed into MAT yeast strain Y187. The mating mixture was
through this plus-end directed motor protein. Because thepread on high-stringency plates (SD/—Ade/—His/—Leu/~TptXal)
fundamental function attributed to all spectrin family membergsirtually eliminating false positive interactions. Putative positive
is that of linking membranes to the cytoskeleton, we proposeolonies from the first screening were streaked on SD/-Leu/-Trp/X-
that the role for Syne-1 in cytokinesis is to attach membrang-Gal plates three times. The final blue colonies were streaked on
vesicles to the mitotic spindle and the midbody through &D/-Ade/-His/-Leu/-Trp/a-Gal to verify that they maintained the
kinesin-like motor, thereby facilitating vesicular transport toC0"Tect phenotype (Ade+/His+/Mell+). These Gald-AD plasmids

the cleavage zone. In support of this we show evidence thaﬁre recovered in bacteria strain HB101. DNA from positive clones

membrane vesicl ntaining the t-snar ntaxin 4 al $ isolated and sequenced.
e ane vesicles containing the t-snare synta asoSyne-l cDNA fragments corresponding to GSSF1 (nucleotides

associate with the central spindle and midbody throughz;20-14437 of GenBank BK000543) and GSSF5 (n17240-17924)
interactions with Syne-1-kinesin II. were amplified by PCR to give rise to cDNAs flankedNmjd and
BanHl sites. These amplified fragments were digested Mt and

. BanHI, purified and subcloned into pGBKT7 to construct fusion
Ma‘ter'a}ls and Methods proteins with the DNA binding domain of the GAL4 protein. DNA
Antibodies sequencing was used to verify that these constructs were in the correct
Rabbit polyclonal antibodies (SN120, SN357 #1 and #2) wereeading frame and that no nucleotide mutations had taken place. These
generated against distinct Syne-1 peptides as described previouSiWA-binding-domain fusion constructs were introduced into strain
(Gough et al., 2003). Anti-KIF3B polyclonal antibody MPSR-BSA AH109 (MATa) according to the instructions provided by the
was provided by Bruce Schnapp (Oregon Health Sciences Universitypanufacturer (Clontech, Palo Alto, CA). To ensure that the constructs
Monoclonal a-tubulin (Sigma-Aldrich, St Louis, MO), anti-E- did not activate reporter genes (HIS3 and MEL1) the assay was
cadherin (BD Transduction Laboratories, Palo Alto, CA) anti-performed with bait alone before the library screen. Expression of
syntaxin-4 (BD Transduction Laboratories), rabbit anti-proteinthese fusion proteins was also confirmed by western blotting with an
disulfide isomerase polyclonal antibody (StressGen Biotechnologiegntibody against the myc epitope tag also encoded in the bait
San Diego, CA), polyclonal rabbit anti-Giantin (Covance, Berkeleyconstruct. Our data showed that the GSSF1 construct could be used
CA), anti-Myc (Clontech, Palo Alto, CA) and anti-influenza as bait.
hemeaglutinin (HA) antibodies (Clontech) were purchased and used

according to the manufacturer’s instructions. . .
Plasmid construction

) cDNAs encoding GSSF1 and GSSF 5 were amplified from pGBKT7-
Cells culture and transfection GSSF1 and pGBKT7-GSSF5, respectively, by PCR and ligated into
Cells (HeLa, NRK and COS) were cultured in Dulbecco’s modifiedpCMV-HA vectors usingSal and Kpnl restriction sites. The full-
Eagle’s medium (DMEM) supplemented with 10% fetal bovinelength human KIF3B was cloned from cDNA derived from the human
serum, 100 U mf penicillin, and 10qug mi- streptomycin at 37°C  kidney cell line HEK293 using primersaggcgtcgaccatgtcaaagttga-
in a humidified atmosphere with 5% @@®or the transient expression aaagctcaga‘3and 3-acgcggtaccttactttggaaccagcccccgagactide
assay, 1.810° cells were transfected in 100 mm dishes using PolyFeck|F3B-motor region was amplified from the KIF3B clone by using
or SuperFect transfection reagent (Qiagen, Santa Clarita, CAyrimers 5-acgcgtcgaccatgtcaaagttgaaaagctca{Borwards) and
according to the manufacturer’s recommendation for 20-24 hours arglcggggtaccagcaatctcttcctggaattctég{backwards). Both primers
then fixed and processed for immunofluorescence staining. Theere modified by adding ®al site (forwards primer) andkpnl site
amount of plasmikDNA was kept constant (¢g per 100 mm dish, (backwards primer) to their'éd. Both amplified cDNAs were
3 ug per 60 mm dish). digested witlsal andKpnl, purified and then liga ted into the pCMV-
To generate enriched mitotic cells, HeLa and NRK cells werenyc vector. The KIF3B tail region was retrieved from pACT7-KIF3B
synchronized at G2-M by treating them with thymidine (2 mM) intail by usingSfi and Xhd sites, and then inserted into pCMV-myc
DMEM overnight. Following this, nocodazole (Sigma-Aldrich, St vector viaSfi and Xhd restriction sites. To ensure a correct reading
Louis, MO) was added to a final concentration of 500 ngt il frame, all constructs were sequenced.
DMEM. Cells were grown for 5 hours, and then washed twice with To generate the GFP fusion proteins, sequences encoding GSSF1
complete medium. Afterwards, cells were allowed to grow for 45and GSSF5 were amplified by PCR using primetsitgaatg-
to 60 minutes in complete medium, fixed and processed foagactgctgagctgc-aind 3-ttagaacctttgacactgactd:% -atcaagatgaag-
immunofluorescence staining. gcatccg-3and B-ttatcatctggtcticagcaggtd; Fespectively. Amplified
For immunoblot assay, HeLa cells were transfected for 24 hours iflagments were ligated into TOPO-N-GFP (Invitrogen, Carlsbad,
100 mm dishes and extracted in TX-100 extraction buffer [L50 mMCA). All clones were confirmed by DNA sequencing.
NaCl, 1% Triton X-100, 50 mM Tris-HCI (pH 7.4)] and with protease
inhibitors (0.5 mg mit EDTA-Na, 1 mg mt! pefabloc SC, 1Qug )
mi-leupeptin, 1qug mi-t pepstatin, and fig mt2aprotinin). Protein  Immunofluorescence microscopy
concentrations were determined using the Pierce BCA protein ass&ells were grown on poly-D-lysine-coated glass coverslips for
(Pierce Chemical, Rockford, IL). immunofluorescence microscopy, fixed with 2% formaldehyde-PBS
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(2.7 mM KClI, 1.5 mM KHPQ4,137 mM NaCl, 8 mM NgHPQy) for scraped in buffer (150 mM NacCl, 1% Triton X-100, 50 mM Tris-HCI

10 minutes at room temperature, or with —20°C methanol for ®H 7.4, 0.5 mg mlt EDTA-Nap, 1 mg mt! pefabloc SC, 1qug mt?

minutes. Fixed cells were washed with PBS, permeablized in 0.5%upeptin, 1qug mi- pepstatin, and fig mraprotinin) with a rubber

Trition X-100 in PBS for 10 minutes at room temperature, and washegoliceman, and collected in a 1.5 ml tube. Cells were lysed by passage

again with PBS. These lysed cells were then blocked in PBS witthrough a 27-gauge needle 3-5 times and incubated on ice for 30

0.2% (g mt1) bovine serum albumin (BSA) buffer containing 10% minutes. Lysates were spun down at 10,§@6r 10 minutes at 4C,

goat serum and 0.05 M aluminum chloride (blocking buffer) for 20and then the soluble material was used for subsequent

minutes. Blocked cells were then incubated with primary antibodiesnmunoprecipitation. Approximately 25@) of solubilized cell lysate

diluted in blocking buffer. After 1 hour at room temperature, cellswas used for each immunoprecipitation. Briefluglof antibody was

were rinsed 8 with PBA with 0.2% (g ntl) BSA and incubated with  added to 5Qul of 50% protein-A agarose beads and rotated for 3 hours

fluoroscene isothiocyanate (FITC) or rhodamine-conjugatedt £C. The beads were washed three times with buffer, recovered by

secondary antibodies, also diluted in blocking buffer. If required, cellsentrifuging at maximum speed in a benchtop microcentrifuge for 30

were stained with '46'-diamidino-2-phenylindole (DAPI) at 0.fg seconds, and then boiled for 5 minutes in iD6f Laemmli loading

ml-L To prevent bleaching, coverslips were mounted on slides usinguffer. The resultant supernatant was subjected to SDS-PAGE and

Fluoromount-G. Specimens were examined under a Nikon E60@estern blotting as described above.

microscope equipped with epifluorescence optics using & 63

objective and an oil immersion lens (NA=1.3). For optical

deconvolution microscopy, samples were examined using an OlympySesylts

IX70 inverted microscope fitted to an Applied Precision Delta Vision . : . . .

Restoration, DV3.0. Images were recorded using an Olympus 1OOA role for Syne-1 and'klnesm Il in cytokinesis .

oil immersion lens (NA=1.4) and a Photometrics CH350 CCD camerd0 address the function of Syne-1 at the Golgi complex we

(Roper Scientific, Acton, MA). Deconvolution and image analysishave studied the expression of various recombinant fragments

was performed using tools provided in the SoftWorx (version 2.5pf the Syne-1 protein with the aim of identifying dominant

software package (API, Issaquah, WA). negative inhibitors of Syne-1 function (Gough et al., 2003).
Image quantification (Figs 7 and 9) was performed with NIH imageDne of the fragments identified by this approach, here referred

(versmn 1.63). Briefly, argctangulqr area overlaying the midbody wag, 35 GSSF1 (Fig. 1A), is located just upstream of the first

gfég‘exai”?h;hne Cfi*r‘:ggeg'xtecl ‘;ﬂg%ﬁfﬂ r’;‘gg;giﬁ’-aTd*j‘aeC;‘tJ"’t‘ggt‘thlgi binding site of Syne-1 and lacks homology to spectrin

midbody to record the background cytoplasmic signal. Both of thes, Spe?‘t domains, In_dlcatlng that it _represents a unique doma'”

igjpt is not found in other spectrin family members. While

measurements were normalized against specimen background D . ;
recording the mean pixel density in an equivalent area outside tife@mining the effects of GSSF1 expression on Golgi structure
perimeter of the cell. Plotted are the ratios of normalizec®Nd function, we noticed that cells expressing this fragment
midbody:cytoplsmic background signal, where a value of 1.00ften contained two or more nuclei (Fig. 1B,C,E). Because this
corresponds to no detectable accumulation in the midbody (Figs i3 a classic phenotype for a defect in cytokinesis we chose to
and 9). examine this observation in more detail.

Fig. 1E (panels a-c) shows the nuclei of several examples of
COS-7 cells transfected with GSSF1. All of the examples

Fluorescence activated cell sorting . . -
Cells were transfected with GFP-GSSF1 or GFP-GSSF5 or SuperfeShown contain double nuclei. While nontransfected COS-7

transfect reagent (Qiagen) alone according to the Superfeéénlt.cumi”ef norlrlnaltlﬁ contain a “m';ed Ttgr?ber Olf .b." anl?
transfection manual. After a 24 hour transfection period, cells werdiulinucleate cells, the occurrence or mulliple nucler in cells

trypsined, fixed in 0.5% paraformaldehyde in PBS for 20 minutes oHansfected with GSSF1 was elevated noticeably. A count of
ice and then washed in cold PBS. The cells were fixed, permeabiliz&AP! stained COS-7 cells transfected with GSSF1 found that
in 90% methanol and 10% PBS (—20°C) and then stained with th@0-30% of the cells were binucleate. To test whether the
DNA fluorochrome propidium iodide in PBS containing 0.1% Triton accumulation of multiple nuclei in cells transfected with
X-100 and 100 ng mt RNase A. Labeled cell populations were GSSF1 might be because of preferential transfection of
analyzed by fluorecence-activated cell sorting by detecting GFP amsinucleate cells we expressed GSSF5, a fragment of Syne-1.
PI fluorescence using a MoFlo SN-1058 cell sorter (Cytomation, Fiyje have found previously that expression of this fragment has
Collins, CO). The portion of GFP-positive Ct_al_ls containing twice theno effect on Golgi structure and function (Gough et al., 2003).
normal amount of DNA (2 DNA) were quantified. We did not find examples of multinucleate cells transfected
with this fragment (Fig. 1E, panels d-f), illustrating the
Western blots and immunoprecipitation specificity of the effect observed with GSSF1.
Total protein (~20 ug in sample loading buffer) was separated on a 10 obtain a more quantitative assessment of the frequency
7.5% SDS-PAGE gel using standard procedures and then electrof occurrence of multinucleate cells in GSSF1 tranfectants,
transferred to Immu-Blot PVDF membranes (BioRad, Hercules, CAwe performed a fluorescence-activated cell sorting (FACS)
in 25 mM Tris (pH 8.3), 190 mM glycine, and 5% MeOH using aexperiment (Fig. 1D). HeLa cells, which have a lower baseline
Bio-Rad transblot apparatus. Blots were blocked with PBS buffepccurrence of multinucleate cells than COS-7, were transiently
containing 1% nonfat dry milk and 0.2% BSA for 1 hour at roomyransfected with GFP-tagged GSSF1, then fixed and their
temperature or overnight at 4°C, incubated in anti-KIF3B antibody, ,¢|ej were labeled with propidium iodide (see Materials and
(1:100 dilution) for 1 hour at room temperature and then washed 'f\1/lethods). FACS analysis was then performed to isolate GFP-

TTBS (100 mM Tris-HCI pH 7.4, 150 mM NaCl and 0.1% Tween- it I lati havina twice th | tent of
200). To visualize protein bands, blots were incubated in goat an J0SItive Cell populalions having twicé the normal conteént o

rabbit IgG conjugated to horseradish peroxidase (HRP) for 1 houPNA, measured as propidium iodide fluorescence. For GSSF1

washed extensively and developed using ECL chemiluminescenéeansfectants, the number of GFP-positive cells with the double
reagents (Amersham, Piscataway, NJ). amount of DNA (measured as a percentage of the total pool of

Co-transfected COS-7 cells were washed with ice-cold PBSransfectants) was almost two-fold higher than the equivalent
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A D population in mock transfected controls (Fig. 1D). HelLa cells
GSSF1  GSSFS o transfected with GFP-tagged control fragment GSSF5,
p— S .i. — | however, showed no increase in the number of cells with

800 2400 4000 5600 7200 e % 2x-DNA content (Fig. 1D, GSSF5) compared to the mock-

p<0.001 transfected control. Therefore, the increase<xtDRIA content

is specific for the GSSF1 fragment.

The basal level of 2DNA-positive cells observed in both
mock- and GSSF5-transfected cultures (~17%) corresponds to
the population of cells in G2 and M phases of the cell cycle.
If mitosis is maintained at steady state in the transfected cell
population, it can be assumed that G2 and M phase cells will

mock  GSSF1 GSSFS be present in similar amounts in the controls and that only the
excess (10-15%) would correspond to binucleate cells. By
C " - contrast, if entry into the cell cycle was restricted in
HEigh transfected cells, and mitotic cells were consumed without
replacement, the 10-15% difference would represent an
underestimate of the number of binucleate cells deficient in
cytokinesis. Several observations lead us to conclude that this
latter case is occurring. First, if transfected cultures are
allowed to grow for extended periods of time we observe a
significant decease in the number of cells expressing the
construct, suggesting that GSSF1 affects the general cell
viability. This is to be expected. We have found that
expression of this fragment in interphase cells alters Golgi
structure and blocks retrograde vesicular transport from Golgi
to endoplasmic reticulum (ER). Such effects would probably
diminish the viability of interphase cells. Therefore, it would
not be surprising if GSSF1 expression also diminished the
capacity of cells to enter the cell cycle. We have found this to
be true. FACS measurements of cells with blit <2< DNA
content (cells in S phase) show a dramatic reduction in cells
expressing GSSF1 (®0.7% against 9#8).3%, GSSF5
controlP<0.001). This indicates that S, G2 and M phase cells
are indeed being consumed without replacement. The fact that
we see an increase in the percentage of cells witBA
content under these conditions therefore suggests that

Fig. 1. Expression of the Syne-1 fragment GSSF1 blocks cytokinesisb'.nuc'e""te cells are making up a Iarger proportion of the C‘?”S
in animal cells. (A) A map of Syne-1 protein showing the positions ofVith 2x DNA content. In support of this, a count of the bi-
the two fragments used in these studies, the kinesin binding fragmer@Nd mononucleate cells transfected with GSSF1 found that
GSSF1 and the control fragment GSSF5 that does not bind kinesin. 25% of the cells were binucleate, indicating that a majority of
Also shown are the two Golgi binding sites identified previously (lighthe 2x DNA positive population measured by FACS
blue), the proposed nuclear envelope binding site (yellow) and the corresponds to binucleate cells that are defective in
kinesin Il binding site identified in this study (dark blue). (B) When  cytokinesis. By contrast, it is very difficult to find examples
COS-7 cells were transfected with GFP-tagged GSSF1 (a) and nuclgyf transfected cells in other stages of mitosis (i.e. metaphase
were stained with DAPI (b), we found that a large proportion of and anaphase). We therefore conclude that our FACS analysis

transfected cells (a and b, arrow) were binucleate, whereas supports the general conclusion that GSSF1 expression gives
untransfected cells remained mononucleate (a and b, arrowheads).

(C) COS-7 cell transfected with GSSF1 (a), stained with DAPI (b), 11S€ t0 binucleate cells by blocking cytokinesis.

examined by phase contrast microscopy (c) appears as a single

binucleate cell (rather than two adjacent mononucleate cells). . . . .

(D) Fluorescence activated cell sorting (FACS) assay for binucleate SYNe-1 fragment GSSF1 binds the kinesin I subunit

cells. HelLa cells were transfected with GFP-GSSF1 (black bar),

GSSFb5 (striped bar) or mock transfected (white bar). GFP positive  The observation that GSSF1 expression gives rise to

cells were isolated by fluorescence activated cell sorting and the  pinucleate cells indicates that this region of Syne-1 is

proportion of total GFP-positive ce_II_ populatlon_ possessing twice the biologically active. We therefore performed a yeast two-

Hormal amo“”ém DNAwasIg;Jantl?edtb&/ prﬁplghum LOd'de ep. ybrid screen of a human kidney cDNA library with this
uorescence. Because mock transfected cells do not express , : . : o .

proportion of the total cell population with twice the normal amount gm_ent to identify potentla_l binding proteins O.f GSS_Fl (s_ee

of DNA is given in percent. Error bars indicate standard deviation of Materials _and Methods). T_hls screen re_sulted in the isolation

triplicate FACS experiments (* indicates the statistically significant Of @ partial cDNA encoding a C-teminal segment of the

difference compared to the control obtained by Studefe'st). trimeric kinesin subunit KIF3B, a microtubule-based motor

(E) DAPI-stained cells transfected with dominant-negative fragment protein belonging to the kinesin Il family. Members of this
GSSF1 (a-c), the control fragment GSSF5 (d-f). family are implicated in anterograde vesicular transport in

B

% of cells
E

o [

GSSF1

GSSF5
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(Fig. 2A, lane c¢), illustrating the specificity of the observed
GSSF1 interaction.

a b ¢
110 '*. . . As an alternative approach to demonstrating an interaction
of GSSF1 with KIF3B in intact cells, we introduced full-length

=5 B 4 recombinant KIF3B into COS-7 cells either alone or by co-
2 E 7 transfection with GSSF1 and examined the distribution of the
B © = © ectopic KIF3B (Fig. 2B). When full-length KIF3B is expressed
alone it localizes to the Golgi complex (Fig. 2B, panel a, arrow)
KIF3B KIF3B/GSSF1  KIF3B/GSSF1  KIF3B/GSSFS and to filamentous processes that resemble microtubules (Fig.

C

i | : 2B, panel a, arrow head), which is consistent with a potential
. function for KIF3B in microtubule-based ves.|cular_ transport
from the Golgi. By contrast, upon co-transfection with GSSF1,

ectopic KIF3B no longer localizes to these structures. Instead

it is associated with punctate cytoplasmic structures containing
GSSF1 (Fig. 2B, panels b, c). KIF3B distribution is not

C , . affected when co-transfected with the control fragment GSSF5
y (Fig. 2B, panel d), again demonstrating the specificity of the

GSSF1-KIF3B interaction. These results not only illustrate the
ability of GSSF1 to interact with KIF3B, they also indicate that
GSSF1 might act as a dominant negative inhibitor of KIF3B

function.

To address the potential role for KIF3B in cytokinesis we
Fig. 2.(A) COS-7 cells were co-transfected with recombinant, full- expressed a truncated form of KIF3B that contained the C-
length kinesin Il tagged with a myc epitope and either recombinant terminal tail domain but lacked the N-terminal motor domain.
HA-tagged GSSF1 (a,b) or GSSFS5 (c). Immune complexes were  Thijs truncation is often used as a dominant negative inhibitor
precipitated with an anti-HA antibody (a,c) or a control I9G (b) and of kinesin function. Transfected cells were then screened by
\li\{este_rn”blots gve:je ftaltnzd_ with am"K'F?’.B:tTPe rfecomb||r|1ant immunofluorescence microscopy to detect multinucleate cells

iNesin © can be defected In immunoprecipriates from ce?s (Fig. 2C). As observed with GSSF1, the expression of the

expressing GSSF1 (lane a, *) but not GSSF5 (lane ¢). GSSF5 was . ; . . .
used here as a control because it does not bind KIF3B in the two- KIF3B tail domain gave rise to an increased frequency of bi-

hybrid system (not shown). Electrophoretic mobilities of molecular @nd multinucleate cells, suggesting that both Syne-1 and
weight markers of 110 and 80 kDa are indicated to the left of the ~ KIF3B function in cytokinesis.

figure. (B) Co-localization of GSSF1 and KIF3B. COS-7 cells were

transfected with myc-KIF3B (a) or co-transfected with myc-KIF3B

and HA-GSSF1 (b,c) or myc-KIF3B and HA-GSSF5 (d). Fixed cells Localization of Syne-1 during mitosis and cytokinesis

were stained with antibodies to myc-KIF3B (a,b,d) or HA-GSSF1  The accumulation of binucleate cells upon expression of
(). KIF3B localizes to the Golgi (a and d, arrows) and microtubules GSSF1 and KIF3B tail domain clearly indicates a role for these

(a and d, arrowheads) in cells expressing KIF3B alone (a) and in e s P :
cells transfected with both KIF3B and the control fragment GSSF5 proteins in mitotic cell division. Because the nuclei of affected

(d). By contrast, when KIF3B is co-transfected with GSSF1, KIF3B Ce"S'.althOUQh duPllca'.{ed' appear m.taCt’ we SUSpeC.t that these

distribution is altered and both proteins co-localize in punctate proteins act by affecting cytokinesis and not earlier stages

cytoplasmic structures. (C) DAPI-stained COS-7 cells transfected Of mitosis. To gain additional information on the role that

with C-terminal tail domain of KIF3B. Several examples of bi- and these two proteins might play in cytokinesis, we examined

multinucleate cells are shown (a-c). their distribution during the cell cycle by indirect
immunofluorescence microscopy.

Using a Syne-1-specific anti-peptide antibody (SN120) that
neurons (Yamazaki et al., 1995), an observation that iwas previously shown to stain the Golgi complex in interphase
consistent with an association with Syne-1 functioning at theells (Gough et al., 2003), we found that during early phases
Golgi. To determine whether KIF3B can form a complex withof mitosis Syne-1 localizes to diffusely distributed punctate
GSSF1 in mammalian cells, we transfected COS-7 cellstructures (Fig. 3a-d) reminiscent of the morphology and
with epitope-tagged GSSF1, immunoprecipitated GSSFilistribution of mitotic Golgi fragments (Shima et al., 1998).
complexes with an epitope-tag-specific monoclonal antibodyfhroughout pro-metaphase (Fig. 3a,b) and metaphase (Fig.
and performed protein blots of the precipitated complexe8c,d) these punctate structures accumulate near the poles of the
with antibodies against KIF3B (Fig. 2A). Using this approachmitotic spindle (Fig. 3a,c, arrows), consistent with what is
we determined that immunoprecipitates of GSSF1 containeabserved with Golgi markers at this stage. However, following
a polypeptide of the appropriate size (95 kDa) that reactemhetaphase, Syne-1 distribution diverges from the fate of typical
with anti-KIF3B antibody (Fig. 2A, lane a). By contrast, whenGolgi markers and instead accumulates as a band of material
this same experiment was performed with a control 19G, wéocalized to the center of the cell, bisecting the spindle (Fig.
did not observe a band in the immunoprecipitate thaBe,f). This distribution persists throughout the remaining
corresponded to KIF3B (Fig. 2A, lane b). Also, we have foundnitotic stages (Fig. 3g-j) and is particularly evident during
that GSSF5 does not interact with KIF3B when assayedytokinesis where the majority of Syne-1 accumulates at the
either by yeast two-hybrid screening (not shown) or bymidbody (Fig. 3i,j). Localization to the midbody is especially
immunoprecipitation of extracts from cells expressing GSSFEelevant to cytokinesis because this structure resides within the

KIF3B-tail
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region where opposing membranes of the cleavage furrolength of the condensed spindle (Fig. 4c-e), but the majority of
ingress and ultimately fuse to form separate daughter cells. spindle-associated Syne-1 is found as a compacted ring-like
Close inspection of a high-magnification image of a mitoticstructure that encircles the midbody (Fig. 4d,e).

NRK cell double-stained with SN120 and tubulin-specific The mitotic spindle is comprised of two distinct classes of

antibodies revealed localization of Syne-1 to the mitotianicrotubules: polar microtubules that maintain the structure of
spindle (Fig. 4a). Remarkably, Syne-1 was largely restricted tihe spindle and kinetochore microtubules that facilitate

only the central part of the spindle (Fig. 4a, arrows). Using
optical sectioning microscopy we examined the distribution o
Syne-1 within a narrow focal plane, parallel to the long axis o
the anaphase spindle (Fig. 4b). With this technique we foun
that Syne-1 localizes to microtubules of the central spindle i

rows of discrete puncta. While the majority of Syne-1 reside
at the spindle mid-zone, we also detected Syne-1 on additior
punctate structures that associated with microtubules at mo
peripheral regions of the spindle, perhaps corresponding -
Syne-1 complexes in transit through the central spindle. Durin
cytokinesis some diffuse Syne-1 staining is found along th

tubulin
-

Fig. 4.Syne-1 localizes to central spindle and midbody, but not to the
contractile ring. Mitotic NRK cells, double-stained with anti-Syne-1
(red) (a,b,d,e,g,h) and either with anti-tubulin (green) (a-c,e) or with
fluorescein phalloidin (green) (f,h). (a) Conventional fluorescence
microscopy reveals that Syne-1 co-localizes with spindle-
microtubules (arrows) and that its distribution during anaphase is
restricted along the spindle to the central region. (b) High-resolution
image generated by optical sectioning microscopy of an anaphase
Fig. 3. Localization of Syne-1 during mitotic cell division. Mitotic mitotic spindle, double stained with antibodies to tubulin (green) and
cells were fixed and stained with anti-tubulin (green), polyclonal Syne-1 (red), demonstrates that Syne-1 associates with the central
anti-Syne-1 (red) and DAPI (blue). Localization of Syne-1 during  spindle microtubules in the form of discrete puncta (c-e, arrows). An
various stages of mitosis (a,c,e,g,i). Triple-staining of the same cellsoptical sectioning image of NRK cells entering cytokinesis double
indicate the localization of Syne-1 relative to the mitotic spindle and stained with antibodies to tubulin (¢) and Syne-1 (d) (e is an overlay
chromosomes (b,d,f,h,j). At stages before and during metaphase (aaf)c and d) illustrates that Syne-1 localizes to a ring-like structure
Syne-1 is localized at punctate structures typical for Golgi markers that surrounds the spindle midbody (d and e, arrows).

(a-d, arrows). After metaphase Syne-1 is localized at a band of (f-h) Fluorescein phalloidin stained actin of the contractile ring (f,
material that bisects the central spindle (e-j). This localization arrowhead), which encircled the Syne-1 positive structure at the
persists through cytokinesis where midbody localization is observedmidbody (g, arrow). An Overlay (h) of f and g revealed that Syne-1
(iand)). (h, arrow) did not localize to the contractile ring (h, arrowhead).
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chromosome motility. We conclude that Syne-1 localizes to Antibodies against Syne-1 prominently stained structures
polar microtubules because central-spindle localization persisssociated with the spindle mid-zone and midbody, even in
throughout anaphase as well as later stages (Fig. 4a,b and Kiglls that had been extracted with 0.5% TX-100 before fixation
3) when the kinetochore microtubules have regressed awdlig. 5a,b), consistent with a tight association with the
from the central spindle. The mid-zone of the spindlemicrotubule cytoskeleton. We reasoned that this association of
corresponds to the region where polar microtubules overlagyne-1 with spindle-microtubules probably occurs through the
and where opposing forces of the overlapping serve to hold tlessociation of Syne-1 with KIF3B discussed above. Indeed,
spindle together (Severson and Bowerman, 2002). Disruptigorevious studies that examined the distribution of the kinesin
of this region of the spindle after completion of metaphas#l homolog (KRRss/g5) in mitotic sea urchin embryos showed
leads to cytokinesis defects (Wheatley and Wang, 1996)hat it localizes to the central spindle during anaphase (Hensin
Therefore, the localization of Syne-1 to this region of theet al., 1995), analogous to our observation of Syne-1
mitotic spindle, known to be essential for cytokinesis, supportassociation (Figs 3, 4). To determine whether KIF3B localizes
the conclusion that Syne-1 functions in cytokinesis. to these structures in mammalian cells, we stained detergent-

While the localization of Syne-1 to the central spindle andextracted COS-7 cells with an antibody against KIF3B (Fig.
midbody suggests that its potential role in cytokinesis is th&c,d). KIF3B localized to the central spindle during anaphase
consequence of spindle interactions, it is also possible théEig. 5¢) as well as the midbody during cytokinesis (Fig. 5d).
Syne-1, an actin binding protein (Zhang et al.,, 2002)As we have found with Syne-1, the association of KIF3B with
functions in cleavage furrow ingression at the level of théhese domains of the mitotic spindle occurred in the presence
actin-myosin contractile ring. To assess this potential functioof detergent. The observation that Syne-1 and KIF3B co-
of Syne-1 we compared its localization during a late stage dbcalize at the central spindle and midbody in a detergent-
mitosis with that of actin localized to the contractile ring byresistant manner provided additional evidence that these two
optical sectioning microscopy (Fig. 4f-h). As mentionedproteins might have similar or coordinated functions during the
above, Syne-1 localizes to a compact ring-like structureell cycle.
that encircles the midbody during cytokinesis (Fig. 4d,g). To gain additional evidence for the proposal that the
Phalliodin stained actin also localizes to a ring surrounding@ssociation of Syne-1 with the mitotic spindle occurs through
the midbody (Fig. 4f, arrowhead), but this contractile ring ignteractions with KIF3B, we took advantage of the established
notably larger than the Syne-1 positive structure (compare Fig\TP-dependence of kinesin-microtubule interactions (Fig. 6).
4f,g). A overlay of the two images (Fig. 4h) revealed thain the presence of MgATP, kinesin dissociated from the spindle
Syne-1 and actin localize to two distinct ring structures andhidbody (Fig. 6c). Likewise, the localization of Syne-1 to
that these ring structures are concentric, with the actilfmidbody was also greatly diminished when MgATP was
containing contractile ring distal to the midbody and the Syneavailable for hydrolysis by kinesin Il (Fig. 6i). By contrast,

1 positive ring nested between the spindle midbody and thde non-hydrolyzable ATP analog AMP-PNP, which should
contractile ring. Syne-1 is absent form the contractile ringstabilize kinesin-microtubule interactions, had little effect on
The close apposition of the contractile ring and midbodythe localization of either KIF3B (Fig. 6e) or Syne-1 (Fig. 6k).
localized Syne-1 suggests that Syne-1 serves to hind tte fact, the relative amount of both proteins residing at the
encroaching contractile ring and tether it to the spindlemidbody appeared to increase slightly in the presence of AMP-
thereby facilitating the final stages of cytokinesis. PNP, consistent with the known stabilizing effects of this agent
on kinesin-microtubule interactions. These results support the
conclusion that Syne-1 interacts with the mitotic spindle
through kinesin Il interactions.

As a more direct test of this idea, we examined the
distribution of Syne-1 in mitotic NRK cells expressing the
dominant negative tail domain of KIF3B (Fig. 7). Because our
yeast two-hybrid screen indicated that Syne-1 interacts with
kinesin Il through the tail domain of the KIF3B subunit, we
expected that overexpression of this domain would prevent the
association of Syne-1 with the spindle midbody. As a control,
we expressed full-length recombinant KIF3B. This full-length
construct, unlike the tail domain, was expected to associate
with spindle-microtubules and be incorporated into functional
kinesin 1l trimers. As expected, expression of KIF3B tail
domain resulted in significantly diminished accumulation of
Syne-1 at the midbody during cytokinesis (Fig. 7d) compared
to the full-length KIF3B control (Fig. 7b). To quantify these
Fig. 5. Association of Syne-1 and kinesin Il with central spindle and re?:;rlgz|évseoﬁ‘)elggrgrg?gxg:J:sn;iltnztl\rlsitggggceeﬁsn?llr)ilg .|s7g,n Sn;lej Igﬁ)slg

midbody is detergent resistant. NRK cells were extracted with Triton )
X-100 before fixation and then stained with anti-Syne-1 antibody Materials and Methods). In mock transfected cells, the average

(red) (a,b), for KIF3B with anti-kinesin I antibody (red) (c,d) and ~@mount of Syne-1 that accumulated at the spindle mid-zone
DAPI (blue). Both Syne-1 and kinesin Il localized to detergent was twice as high as the amount of Syne-1 that was detected
insoluble structures associated with the central spindle in anaphasein the region directly adjacent to the midbody (data not shown).
(arrow) (a,c) and the midbody during cytokinesis (arrow) (b,d). Upon expression of the full-length KIF3B, we observed even
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Fig. 7.KIF3B tail domain blocks Syne-1 localization to the midbody.
(a-d) NRK cells transfected with myc-tagged KIF3B tail domain

(c,d) or with full-length myc-KIF3B as a control (a,b). Cells were
fixed and stained with anti-myc (a,c) to identify transfected cells, and
Fig. 6. Association of kinesin Il and Syne-1 with the midbody is with polyclonal SN120 to localize Syne-1 (b,d). While Syne-1 was
sensitive to ATP. To determine whether Syne-1 and kinesin II concentrated at the midbody in cells transfected with the control full-
interactions with the mitotic spindle were coupled, distribution of  |ength KIF3B (arrow) (b), it was significantly depleted from the
Syne-1 (g,i,k) and kinesin Il (a,c,e) was investigated in cells that haghidbody in cells transfected with KIF3B tail (arrow) (d). (e) To

been detergent extracted in the presence of 10 mM M@ g,h),  quantify this result, NRK cells transfected with KIF3B tail (tail) or

10 mM MgATP (c,d,i,j) or 10mM of a non-hydrolyzable ATP with transfected with full-length KIF3B (full-length) were subjected
anolog AMP-PNP (e,fk,). Cells were stained with antibodies to digital image analysis (see Materials and Methods). The amount of
against KIF3B (a,c,e) or Syne-1 (g,i,k) and then double-stained witlsyne-1 staining at the midbody (mean pixel density) was measured
anti-tubulin antibody (b,d,f,h,j,I) to visualize the mitotic spindle.  and is plotted as the ratio of midbody localized Syne-1 staining to
Localization of both kinesin Il and Syne-1 are greatly reduced in theyackground Syne-1 staining. Staining was measured in the cytoplasm
presence of ATP (indicated by arrowheads) (c,i) and slightly directly adjacent to the midbody (error bars=standard deviation; *

enhanced in the presence of AMP-PNP (indicated by arrows) (e,k).indicates the statistically significant difference from mock
transfected cells by Student'sest).

higher levels Syne-1 at the midbody (Fig. 7e, full-length),
although statistical analysis revealed this apparent increaselink membranes to the cytoskeleton. With this in mind we
midbody Syne-1 was not statistically significaRt(Q.1). By  reasoned that one potential function for Syne-1 and KIF3B in
contrast, upon expression of KIF3B tail domain, we observedytokinesis is to facilitate the association of membrane vesicles
a significant reduction in the level of Syne-1 localized to thevith the mitotic spindle. To test this idea we sought to identify
midbody. Expression of this dominant-negative fragment ofmembrane proteins that co-localize with Syne-1 and KIF3B on
KIF3B served to reduce the amount of midbody Syne-1 to the central spindle and midbody. We chose three membrane
level equivalent to that found in the surrounding cytoplasmmarker proteins for these studies: Syntaxin, a t-snare involved
(Fig. 7e, tail), indicating that Syne-1 was no longer localizedn the targeting of membrane vesicles to the plasma membrane;
preferentially to the midbody in these cells. These result&-cadherin, a cell adhesion molecule; and the ER-resident
confirm our proposal that KIF3B serves to link Syne-1 to therotein disulfide isomerase (PDI). Antibodies against these
mitotic spindle. proteins were used to stain mitotic NRK cells to determine
whether membrane vesicles containing these proteins associate
with the mitotic spindle through Syne-1-KIF3B (Fig. 8). While
Interactions of membrane vesicles with Syne-1-kinesin both E-cadherin (Fig. 8c) and the ER marker PDI (Fig. 8b)
during mitosis showed no evidence of localizing to the spindle mid-zone,
A fundamental function of all spectrin family members is toantibodies against syntaxin prominently stained this structure
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Fig. 8. Syntaxin localizes to the central spindle and midbody during
anphase and cytokinesis. NRK cells in late stages of mitosis were
fixed and stained with antibodies against syntaxin (a,e,f,g) protein
disulfide isomerase (PDI) (b), E-cadherin (c). Cells stained for
cadherin were also double stained with anti-Syne-1 to visualize the
central spindle (arrow) (d). Syntaxin, concentrates in the midbody
during cytokinesis (a,e,g), similar to Syne-1 and kinesin Il. By
contrast, accumulation within the midbody was not observed for PD mock full-length tail GSSF1

(arrow) (b) or E-caherin (arrow ) (c). (e-h) Cells extracted with TX- ) )

100 before fixation with (f) or without (e) ATP, or with non- Fig. 9. Dominant-negative KIF3B and Syne-1 fragments block
hydrolyzable ATP analog AMP-PNP (g,h). Cells treated AMP-PNP syntaxin localization to the midbody. (A) Enriched mitotic NRK cells
were double stained with anti-syntaxin (g) and anti-tubulin (h) were either mock-transfected (a,b) or transfe.cted Wlt[h myc-tagged
antibodies. Notice that, as we have observed with KIF3B and Syne-fLu,”"ength KIF3B (c,d), myc-tagged KIF3B tail domain (e f), or HA-
syntaxin association with the midbody is resistant to TX-100 tagged Syne-1 fragment GSSF1 (g,h). Cells were fixed and stained
extraction (e, arrow), greatly reduced in the presence of ATP (f, with anti-myc (a,c,e) or anti-HA (g) antibodies to identify transfected

arrow), and stabilized in the presence of non-hydrolyzable ATP (g, Cells, and with anti-syntaxin (b,d,f,h). As observed with Syne-1
arrow) localization under these conditions (Fig. 7), syntaxin was easily

detected at the midbody in mock transfected cells (b, arrows) and in
cells transfected with the control full-length KIF3B (d, arrow).
(Fig. 8a, arrow). Moreover, spindle-localized syntaxin wad1owever, in cells transfected with KIF3B tail (f, arrow) or GSSF1 (h,
resistant to detergent-extraction (Fig. 8e) diminished in th rrow), syntaxin was significantly reduced from the midbody region.
presence of MgATP (Fig. 8f) and stabilized on extraction wit ) To quantify these results, examples of mock transfected cells,

. ; ells transfected with full-length KIF3B (full-length), KIF3B tail
AMP-PNP (Fig. 8g). These results support the conclusion th ail) and GSSF1 were subjected to digital image analysis as

like Syne-1, syntaxin associates with the mitotic spindle duringescribed for Fig. 7e (* indicates statistically significant difference
cytokinesis through interactions with kinesin II. from mock transfected cells by Studertttest).

As a more direct test of the potential role of KIF3B and Syne-
1 in linking syntaxin-containing membranes to the spindle
midbody, we examined the localization of syntaxin in cellS9A, panels b,d). Notice that myc-tagged full-length KIF3B also
transfected with recombinant KIF3B and Syne-1 fragmenttocalized to the midbody (Fig. 9A, panel c), indicating that the
(Fig. 9). In mock-transfected cells and in cells transfected withecombinant protein was functional. Quantitative analysis of
full length KIF3B, syntaxin was enriched at the midbody (Fig.these images (Fig. 9B) revealed no statistically significant

midbody Syntaxin
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difference in the levels of midbody syntaxin in mock- overexpression of the KIF3B tail domain results in a dramatic
transfected cells compared with cells expressing the full-lengtfeduction in the accumulation of Syne-1 at the midbody. Thus,
kinesin P=0.13). By contrast, expression of the KIF3B tail we conclude that the mechanism of action of these proteins
domain resulted in a significant reduction of syntaxin at theluring cytokinesis will probably involve the direct coupling of
midbody (Fig. 9A, f). Under these conditions the ratio ofSyne-1 and kinesisn II.
midbody syntaxin compared to the ratio of cytoplasmic The structural integrity of both central spindle and midbody
syntaxin was ~1 (Fig. 9B), indicating that KIF3B tail expressiorhas been found to be crucial for cytokinesis (Giansanti et al.,
reduced the level of midbody syntaxin to the maximal extent998; Matuliene and Kuriyama, 2002; Wheatley and Wang,
detectable with this assay. This result, together with th&996), suggesting that one potential function for kinesin Il and
detergent- and ATP-dependence of syntaxin localizatio®syne-1 is to physically stabilize these structures. However, an
discussed above, provides compelling evidence that syntaxiakernative role for Syne-1 in cytokinesis is suggested by the fact
containing vesicles associate with the midbody throughhat all spectrin family members interact with membranes,
interactions with trimeric kinesin Il. In addition, we also foundraising the possibility that Syne-1 links membrane vesicles to the
that midbody syntaxin was reduced to an identical extent upamitotic spindle during cytokinesis. It is well established that
expression of the dominant-negative Syne-1 fragment GSSKiembrane vesicle movements and fusion are essential for
(Fig. 9A, panel h, and Fig. 9B, GSSF1), providing evidence thatytokinesis in plant cells and there is growing evidence that
Syne-1 also participated in the interaction of syntaxin with the@esicular trafficking is also important for cytokinesis animal
midbody, perhaps by linking syntaxin-containing vesicles tccells (reviewed in Field et al., 1999; O’Halloran, 2000). Well
KIF3B. Finally, notice that cleavage furrows were evident inknown constituents of the membrane trafficking apparatus such
cells expressing either GSSF1 or KIF3B tail (Fig. 9A, panels eas clathrin, dynamin, clathrin adaptors, syntaxin, arf and the
h), indicating that neither of these fragments affect cytokinesiexocyst complex are all implicated in cytokinesis (O’Halloran,
by preventing cleavage furrow ingression. 2000). Also, recent studies examining membrane vesicle
motility in dividing C. elegangarly embryos provided evidence

) ) that a specific recruitment of vesicles to the spindle region occurs
Discussion after metaphase (Skop et al., 2001). This is precisely the same
We have found that expression of a kinesin-lI-bindingtime frame that we observed the accumulation of Syne-1 at the
dominant negative fragment of Syne-1 leads to amentral spindle. Our observation that midbody accumulation of
accumulation of binucleate cells. This result suggests a roleesicles containing syntaxin (a plasma membrane protein
for Syne-1 and kinesin Il in cytokinesis because bi- andnvolved in vesicle fusion events) is detergent resistant, ATP
multinucleate cells have been identified following thesensitive and reduced upon expression of KIF3B tail domain
disruption of cytokinesis in a range of organisms includingor GSSF1 suggests that Syne-1-kinesin Il facilitates vesicle
yeast (Wang et al., 2002},. elegangSkop et al., 2001) and transport along the spindle. In fact, a role for kinesin Il in
in mammalian cells (Fontijn et al., 2001; Matuliene andmediating vesicular transport along the mitotic spindle has been
Kuriyama, 2002). Additional evidence for a role of Syne-1 anduggested previously by studies examining the distribution of the
KIF3B in cytokinesis comes from our demonstration of theirsea urchin homolog KR#/95) during cell division (Henson et
localization to the central spindle and the midbody duringl., 1995). We speculate that Syne-1 can serve to link membrane
mitosis. Localization of Syne-1 and KIF3B to these structuresesicles to kinesin Il, which can then facilitate the transport of
is significant because perturbations in the structural integritthese vesicles and associated Syne-1 along spindle-microtubules
of the central spindle and midbody cause defects in cytokinesis the central spindle and midbody. Accumulated vesicles can
(Adams et al., 1998; Giansanti et al., 1998; Matuliene anthen fuse with each other and with the cleavage furrow
Kuriyama, 2002; Raich et al., 1998; Wheatley and Wangmembrane to facilitate the fission of daughter cells.
1996). Furthermore, several proteins that localize to these The close association of Syne-1 and the actin-based
structures including RB6K (Hill et al., 2000), CHO1 (MKLP1, contractile ring during cytokinesis suggests an alternative or
Matuliene and Kuriyama, 2002), ZEN-4 (Severson et al.additional role for these proteins. Our results indicate that
2000), Pav (Adams et al., 1998) and CYK-4 (Jantsch-Plung&yne-1 associates with the midbody to form a discrete ring that
et al., 2000) have been implicated in cytokinesis. Thus, the fatt concentric with and in close opposition to the contractile
that Syne-1 and KIF3B localize to the central spindle anding. This localization raises the possibility that Syne-1 might
midbody, together with our expression studies with dominangerve to tether the contractile ring to the midbody, a feasible
negative fragments, provide compelling evidence of a role farle for an elongated protein like Syne-1 with widely separated
Syne-1 and kinesin Il in cytokinesis. KIF3B and actin binding sites. Such an activity could serve to

Our results indicate that Syne-1 and KIF3B functionfacilitate cytokinesis by stabilizing the contractile ring, keeping
together during cytokinesis. The two dominant negativet in a contracted state tightly associated with the spindle
fragments used in this study, the Syne-1 fragment GSSF1 anudbody. Notice that the two roles we have proposed for
the KIF3B tail domain, were found to associate with each othe8yne-1 in cytokinesis, vesicular trafficking and linking of
in a yeast two hybrid system and in co-pricipitation assaysontractile ring and midbody, are not mutually exclusive. It is
Also, ectopically expressed GSSF1 was found to localize tmdeed possible that Syne-1 can perform both functions
punctate cytoplasmic structures (Fig. 2) that accumulatsimultaneously. In fact, it is not difficult to imagine how the
KIF3B, thus providing further evidence for an interactionendpoint of cytokinesis, cell fission, is greatly facilitated by a
between the two molecules. Furthermore, we found that botimolecule that can both stabilize the interaction of the cleavage
Syne-1 and KIF3B associate with the central spindle antlurrow with the spindle and recruit vesicle to the site for
midbody in a detergent resistant and ATP sensitive manner, asdbsequent membrane fusion events.
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Syne-1-kinesisn Il interactions could also be significant in (2001). MgcRacGAP is involved in cytokinesis through associating with
other functions proposed for Syne-1. While nuclear positioning mitotic spindle and midbodyi. Biol. Chem276, 5821-5828.

events could be facilitated by Syne-l through its capacity t ntsch-Plunger, V. and Glotzer, M.(1999). Depletion of syntaxins in the

. . . early Caenorhabditis eleganembryo reveals a role for membrane fusion
bind the actin cytoskeleton (Starr and Han, 2002), there is alsOgyents in cytokinesiurr. Biol. 9, 738-745.

evide_nce that microtubule inyeragtions are import.ant in thiSantsch-Plunger, V., Gonczy, P., Romano, A., Schnabel, H., Hamill, D.,
function (Morris, 2003). Kinesin-dependent microtubule Schnabel, R., Hyman, A. A. and Glotzer, M.(2000). CYK-4: A Rho
interactions of nuclear envelope-associated Syne-1 couldfamily GTPase activating protein (GAP) required for central spindle

. - S e formation and cytokinesid. Cell Biol.149 1391-1404.
provide the forces required to initiate nuclear motility. AISO’Kreis, T. E. (1990). Role of microtubules in the organisation of the Golgi

we hz_ive found previously that the expression _of dominant apparatusCell. Motil. Cytoskeletor5, 67-70.

negative Syne-1 fragments leads to altered Golgi morphologyppincott-Schwartz, J., Cole, N. B., Marotta, A., Conrad, P. A. and
(Gough et al., 2003). Because it is well known that Golgi Bloom, G. S.(1995). Kinesin is the motor for microtubule-mediated Golgi-
morphology and cytoplasmic positioning is coupled to_ [0-ER membrane trafficl. Cell Biol. 128 293-306.

. . h . o atuliene, J. and Kuriyama, R. (2002). Kinesin-like protein CHO1 is
microtubules, this function of Syne-1 mlght also be fac'“tatedw required for the formation of midbody matrix and the completion of

by interactions with kinesin II. Finally, we have recently found cytokinesis in mammalian cellsol. Biol. Cell. 13, 1832-1845.
evidence that Syne-1 is required for retrograde trafficking oMislow, J. M., Kim, M. S., Davis, D. B. and McNally, E. M.(2002). Myne-
Golgi-derived vesicles to the ER (Gough and Beck, submitted). 1, a spectrin repeat transmembrane protein of the myocyte inner nuclear

- . P . membrane, interacts with lamin A/Q. Cell Sci.115 61-70.
KIF3B is involved in vesicle transport (Yamazak' etal, 1995)Mitchison, T. J. (1988). Microtubule dynamics and kinetochore function in

and kinesins are implicated in retrograde Golgi trafficking mitosis. Annu. Rev. Cell. Biok, 527-549.

(Lippincott-Schwartz et al., 1995), an event that should involvetorris, N. R. (2003). Nuclear positioning: the means is at the eGdst.

plus-end directed microtubule motors. Opin. Cell Biol.15,54-59. _
Nasmyth, K. (2002). Segregating sister genomes: the molecular biology of
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